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FOREWORD

This report was prepared by the Aeronautical Icing Research Labora-
tories, of Smith, Hinchman & Grylls, Inc., in partial fulfillment of
the requirements of Contract AF33(600)-8l14. The Aeronautical Icing
Research Laboratories are performing research and development work on
aircraft-icing problems under the research and development contract
identified by Research and Development Order No. 208-19. This program
is administered under the direction of the Programs Unit, All-Weather
Branch, Directorate of Flight and All-Weather Testing, Wright Air
Development Center, with Mr. R. J. Hawn as the Project Engineer.

Capts W. E. Archee and R. L. Schumacher, of the Wright Air Development
Center, were the pilots of the airplane utilized to compile the icing
data presented in the report.
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ABSTRACT

The meteorological data obtained under natural-icing condition•
Pý4- !at Willow Run, Michigan, and at Mt. Washington, New

Hampshire, during the 1953-54 icing season, are presented. A total
of 25 icing flights were made with a B-24 airplane. During these
icing flights, 156 icing-intensity measurements were obtained by
the rotating-multicylinder method. A total of 84 rotating-multi-
cylinder runs were conducted at Mt. Washington.

The data presented consist of liquid-water content, mean-effective
droplet diameter, droplet-distribution type, free-air temperature,
pressure altitude, true air speed, type of cloud, and geographical
location. The range of the meteorological conditions measured
during the season is as follows: liquid-water content, 0.04 to
0.95 gm/m 3 ; mean-effective droplet diameter, 5 to 36 microns; free-
air temperature, -30 to +31 0 F; and pressure altitude, 3850 to 7550
feet.

Frequency-of-occurrence curves for liquid-water content and mean-
effective droplet diameter are presented.',,

PUBLICATION REVIEW

The publication of this report does not constitute approval by the
Air Force of the findings or the conclusions cbntained therein. It
is published only for the exchange and stimulation of ideas.

H. B. Manson, Jr.
Colonel, USAF
Director of Flight and All-Weather
Testing
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INTRODUCTION

This report contains data on the measurement of the meteorological
variables encountered during natural-icing conditions. These data
were obtained by the Aeronautical Icing Research Laboratories, of
Smith, Hinchman & Grylls, Inc., at Willow Run, Michigan, and at the
Summit of Mt. Washington, New Hampshire.

At Willow Run, actual aircraft flights were used in the collection of
these data. On Mt. Washington, there were two exposure sites:
(a) the Jet-Engine Test Facility, and (b) the Yankee Exposure Site.

Icing-intensity measurements were obtained at both laboratories by
means of rotating-multicylinder units. From these measurements, it
is possible to determine the meteorological variables encountered during
icing conditions, i.e., liquid-water content, mean-effective droplet
diameter, and droplet-size distribution.

The range of meteorological conditions encountered during the 1953-54
icing season are given in the following tabulation:

Test Flights Mr. WashingtonMaxU min. Max. Min.

Liquid-Water Content, gm/m 3  0.75 0.04 0.95 0.04
Mean-Droplet Size, microns 36 6 32 5
Ambient-Air Temperature, *F +27 +1 +31 -3
Pressure Altitude, ft 7550 3850 - -
Geographic Altitude, ft - - 6300 6300

This report has been divided into two parts, the first part containing
the icing-intensity data obtained during icing flights at Willow Run,
Michigan, and the second part summariging the icing-intensity data
cbtained at the Summit of Mt. Washington, New Hampshire.
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ICING-INTENSITY DATA FOR THE 1953-54 SEASON

FLIGHT' ICING-INTENSITY MEASUREMENTS (Willow Run)

Equipment and Procedure. The rotating-multicylinder data from AIRL
at Willow Run were obtained during flights through natural-icing con-
ditions. The aircraft used for all of these flights was an EB-24M
airplane, equipped with a thermal anti-icing system.

The rotating-multicylinder array consists of a six-cylinder unit
having diameters of I/A, 5/16, 1/2, 1-lA, 1-3A/, and 3 inches. The
exposed length of the 1/8-inch diameter cylinder is 12.7 centimeters
and the remaining five have exposed lengths of 10 centimeters each.
The meteorolgoical data were calculated by the method described in
Reference 1.

All of the flight meteorological data were obtained at or below
pressure altitudes of 7550 feet. Flight procedures varied with
existing weather conditions, traffic-control problems, and the re-
quirements of concurrent engineering flight projects.

Results and Discussion. Table 1 (page4) presents a summary of the
flight meteorological data for the 19 53 -54 icing season. A total of
25 flights were conducted during which icing conditions were encoun-
tered, and the total number of rotating-multicylinder runs was 156.
in 23 of the 156 multicylinder runs the expqrimental-data curves could
not be matched with any of the theoretical KW curves and the data
could not be reduced. This is usually caused by "blowoff", exposure
of cylinders in conditions of very low liquid-water contents, or
inaccuracies in measuring or weighing the cylinders. The 23 multi-
cylinder runs which could not be matched with the theoretical KO
curves are labeled as such in the Remarks column of Table 1.

The multicylinder data were obtained primarily for engineering projects
which required only the measurement of the severity of the icing con-
ditions. No information was secured pertaining to cloud depths or
the extent of the icing conditions. Therefore, the data presented in
Table 1 are useful only from a statistical point of view to show the
range and frequency of icing intensity. For this reason, the extent
of the icing intensity in terms of liquid-water content and mean-
effective droplet diameter for this season is shown by means of
cumulative-frequency curves of the 133 satisfactory rotating-multicyl-
inder runs. Figure 1 shows the cumulative-frequency curve of the
liquid-water content. It indicates that 89% of the rotating-multicyl-
inder runs were made in clouds with water concentrations of less than
0.50 gm/m 3 . Figure 2 shows the cumulative-frequency curve of the
mean-effective droplet diameter. It indicates that 88% of the rotating-
auulticylinder runs produced droplet Ahianeters of less than 15 microns.

WADC TR 54-277 1



The maximum mean-effective droplet diameter measured for the 1953-54
icing season was 36 microns.

Figure 3 is a plot of liquid-water content vs. droplet diameter for
the 133 mslticylinder runs. The envelope of the data points indicates
that beyond 0.34 gm/M 3 there is an apparent decrease in droplet size
with increase in liquid-water content.

Figure 4 is a plot of liquid-water content vs. temperature. This
curve shows that most of the multicylinder runs were obtained with
temperatures ranging from 100 to 250F. Above 250F, "blowoff" occurs
to such a degree that reliable multicylinder runs can be obtained
only when small liquid-water contents are encountered.

PROJECT SUMMIT DATA (Mt. 4ashington)

Eauipment and Procedure. The natural-icing data presented in this
part of t report were obtained by means of rotating-multicylinder
units installed on the North and South Test Stands of the Jet-Engine
Test Facility and at the Yankee Exposure Site.

The rotating-multicylinder unit consists of five cylinders with
diameters of 1/8, 1/2, 1-l/4, 2, and 3 inches. The length of each
cylinder is 6 centimeters, with the exception of the 1/8-inch
cylinder which is 8 centimeters long.

Results and Discussion. The total number of multicylinder runs made
at Mt. Washington for the 1953-54 season was 84. For those multi-
cylinder runs where the data were unreliable and the liquid-water
content was estimated, a notation is included in the Remarks column
of Table 2.

Figures 5 arid 6 are cumulative-frequency curves of 79 rotating-
multicylinder observations taken from Table 2. Figure 5 indicates
that 83% of the measured liquid-water contents were below 0.50 gm/m 3 .
The maximum liquid-water content was 0.95 gm/m 3 . Figure 6 shows the
cunulative-frequency curve of the mean-effective droplet diameter. It
indicates that 79% of the observations were made in clouds with a
mean-effective droplet diameter of 15 microns or less. The maximum
mean-effective droplet diameter measured in the 1953-54 season was
32 microns.
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TABLE 2

SUMMARY OF PROJECT SUMMIT ICING-INTENSITY DATA
OBTAINED BY ROTATING-MULTICYLINDER METHOD

MT. WASHINGTON, N.H.
ALTITUDE 6300 FT.

195351FIcingeason

DATE TEST TEMP LWC DROP DIST REMARKS
STAND ("F) (gm/n3 , DIAMETER ME

(ndcrons)

1953
10-25 S 28 0.10 LWC Estimated, Clear
11-4 S 13 0.11 9 C Rime

S 1N 0.10 8 E Rime
11-9 Y 18 0.58 9 A Rime

S 18 0.32 9 B Rime
S 18 0.35 11 A Rime

11-15 N 27 0.54 13 C Clear
N 27 0.61 15 B Clear

11-30 N 15 0.21 9 A Rime
12-10 N 17 0.37 9 C Clear

N 17 0.38 12 B Clear
12-13 N 12 0.28 9 A Rime

N 12 016 9 A Rime
12-15 N "- o.42 15 E Rime

N 10 0.36 18 A Rime
N ' 8 0.15 12 B Rime
N 8 0.04 7 A Rime

12-16 N -2 0.45 12 A Rime
N -2 0.41 12 A Rime

12-25 S 10 0.22 11 A Rime
S 10 0.35 10 D Rime

S 23 0.25 15 A Rime
S 23 0.25 21 A Rime

1-6 S 24 0.52 LWC Estimated, Clear
1-7 N2 0.2 24 A Rime

N 4 o 0 30 A Rime
N 7 0.15 25 A Rime
N 0 0.26 LWC Estimated, Rime

1-9 N i 0.64 17 1 Rime
N 1 0.60 1 C Clear
N 12 o.65 1 D Clear

1-15 3 7 0.32 8 D Rime
S 0.25 12 A Rime
N 0.2 8 C Rime
N 7 0.31 8 D Rime
N 6 0.35 7 D Rime

1-16 N 14 0.33 11 B Rime
N 14 0.31 9 D Rime

WADC TR 54-277 16



TABLE 2 (Continued)

DATE TEST 'TEMP LWC DROP DIST REMARKS
STAND ( 0 F) gm/m3) DIAMETER TYPE

(microns)

S1954
1-;16 N 14 0.42 11 D Rime
1-20 N 28 0.143 11 A Clear

N 30 0.35 11 A Clear
1-25 S 20 0.13 16 A Rime
1-26 S 26 0.38 16 A Clear
1-27 S 20 0.10 LWC Estimated, Clear
2-4 N 26 0.47 8 C Clear

N 26 0.35 11 B Clear
2-5 N 14 0.31 15 D Rime

N 14 0.30 15 A Rime
2-8 S 5 0.15 5 B Rime

S 5 0.12 6 B Rime
2-16 S 17 0.10 17 B Rime
2-21 S 29 0.64 17 F Clear

S 28 0.60 17 F Clear
N 29 0.49 13 C Clear
N 29 0.51 11 F Clear
N 29 0.48 13 F Clear
N 30 0.40 LWC Estimated, Clear
N 30 0. 39 9 F Clear
N 30 0.48 10 F Clear
N 30 0.48 10 F Clear

3-1 N 22 0.22 17 •A Rime
N 22 0.16 17 A Rime
N 23 0.39 19 A Clear
N 22 0.34 14 J Clear
N 21 0.45 10 A Clear

3-6 N -3 0.07 12 B Clear
3-8 N 4 0.20 10 D Rime

N 4 0.07 8 C Rime
N 4 0.17 6 E Rime

3-10 N 16 0.33 12 A Rime
N 16 0.27 15 B Rime
N 16 0.41 10 A Rime
S 3 0.05 7 A Rime
3 0.05 7 A Rime

3-15 N 8 0.23 15 B Rime
N8 0.10 13 D Rime

3-17 N1 0.05 7 A RimeS3o20 s31 0.59 13 0 Clear
-8 N23 0.95 16 C Clear

N20 0.67 11 D Clear
4-11 27 0.33 16 C Clear

S 6 0.4 12 B Clear4-16 21 8;_ý?g R glear

WADe TR 54-277 17
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clouds (Mt. Washington Project-Summit Data).
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